The pure active constituent of LIX 54, manufactured by Henkel Co. as an extractant for copper from ammoniacal aqueous solutions, has been isolated. Structural investigations using elemental analysis and spectroscopic techniques ('H-NMR, IR, MS) support the belief that this reagent is 1-phenyl-l,3-decanedione. The keto-enol tautomerism of the reagent in different solvents has been discussed and quantified by means of UV-V and 'H-NMR spectroscopy.
Some commercial reagents of the f3-diketone type have been proposed for the large-scale extraction of copper from ammoniacal leach solutions. In this sense, Henkel and Hoechst manufacture, respectively, LIX 54 and Hostarex DK 16 . In addition to their ability to extract copper from alkaline solutions, other metals such as Zn, Ni and Co may be extracted to different degrees by this kind of extractant. 1 The successful application of LIX 54 to several hydrometallurgical processes has been variously reported.2-6 However, whereas some work has been carried out with Hostarex DK16 concerning both the structure and the properties of the reagent in the extraction of several metal ions', little is known about LIX 54 since it was first marketed in 1976. The active component in the commercial product has been generically described by Henkel as a phenyl alkyl /3-diketone, though there is a clear discrepancy regarding its specific chemical composition.
Thus, 1-phenyl-l,3-hexadecanedione', and a mixture including 1-phenyl-l,3-decanedione and phenyl bis(1,3-butanedione)6, have been proposed as active component of the reagent, although no chemical evidence of the structures has been reported. Nevertheless, fundamental studies aimed at ascertaining the stoichiometry of the extracted compounds in order to provide meaningful values of their extraction constants and to facilitate an understanding of the extractants behavior should be carried out using well defined reagents.
The object of this study was to isolate the active component of the LIX 54 extractant and its structural characterization on the basis of elemental analysis and 'H-NMR , as well as MS and IR spectra. It is well known that /3-diketone compounds exist as an equilibrium mixture of the tautomeric keto and enol forms, providing an additional factor which affects the extractant behavior and distribution. Thus, the keto-enol tautomerism of the active component in LIX 54 was also studied.
Experimental
LIX 54 was kindly supplied by Henkel Co. (Lot. no. 90051). For thin layer chromatography, Merck silica gel GF-254 plates (0.2 mm thick) were used. The column chromatography was carried out using Merck silica gel 60 (0.0063-0.200 mm). All other chemicals were of analytical reagent grade.
The ultraviolet-visible spectra were recorded using a Shimadzu UV-260. The quartz absorption cells were thermostated at 298 K. The IR spectrum was run in a Perkin-Elmer 1430 spectrophotometer on a neat sample. High-resolution 'H-NMR spectra were obtained at 298 K with a Varian XL-300 spectrometer operating at 300 MHz.
Chemical shifts quoted in ppm were measured in CDC13 solutions using tetramethylsilane as internal standard. Mass spectra were measured with a Hewlett-Packard 5930 B mass spectrometer. Spectroscopical analysis Figure 1 shows the 1 H-NMR spectrum of the product in CDC13 and Table 1 summarizes the assignment of the signals. The broad signal at 15.9 ppm shows the presence in the molecule of a hydroxyl proton strongly deshielded due to intramolecular hydrogen bonds. This fact indicates the predominance of the enol form of the reagent in chloroform, in agreement with the behavior of /3-diketones in organic solvents.g-12 The presence of the OH group was further confirmed by the dissapearence of the peak when the solution was shaken with D20. On the other hand, the sharp singlet at 6.2 ppm can be assigned to the vinyl a-proton of the enol form (-C(OH)=CH-CO-). At 4.1 ppm a small signal corresponding to the keto aprotons of the molecule is observed. Its low intensity is in accordance with the small proportion of the keto tautomer in the mixture. The spectrum shows aromatic proton resonances centered at 7.9 ppm (2H) and 7.5 ppm (3H) which can be attributed to the presence of a monosubstituted phenyl group in the molecule. Finally, signals at 5<2.5 ppm are assigned to protons from an aliphatic chain. Although the ramification can not be clearly deduced, it seems probable that the carbon directly attached to the carbonyl group is -CH2-since a signal at 2 .45 ppm (2H) is observed. The shape of the signal at the highest field (0.90 ppm) (9H) suggests that the aliphatic chain is branched with the probable presence of three terminal methyl groups. Figure 2 and Table 1 collect the series of molecule ruptures which are characteristic of a phenyl alkyl /3-diketone with a molecular weight of 246. The molecular ion at 246 ((Ph-CO-CH2-CO-C,H15)+) shows a small intensity due to the high fragmentation probability of this molecule. The ((Ph-CO)+) fragment at 105, typical rupture of phenyl ketone compounds, is obtained as the base peak. A molecular ion at mass 162 ((Ph-CO-CH2-C(OH)=CH2)+) corresponds to the fragment obtained by a McLafferty rearrangement along with a transposition of a y-hydrogen of the aliphatic chain and a final rupture of the molecule, /3 and a carbons being lost as an alkene C=C(). The 162 fragment again indicates that -CH2-is the nearest group to the carbonyl in the alkyl ramification, in agreement with 1H-NMR data.
The assignments of the most noteworthy absorptions of the IR spectrum of purified LIX 54 (Fig. 3) are collected in Table 1 . The obtained results are in agreement with previously drawn deductions.
Therefore, as a conclusion to the spectroscopic studies, an empirical formula (C1602H22) and the structure C6H5-CO-CH2-CO-C,H15, 1-phenyl-l,3-decanedione, can be proposed for the active component of LIX 54.
Keto-enol tautomerism in organic solvents f3-Diketone compounds in organic solvents generally consist of mixtures of the tautomeric forms, keto and enol, depending on the nature of the reagent and solvent and the temperature.
The enol tautomer is partially stabilized by the intramolecular hydrogen bond; since an internally hydrogen-bonded molecule is less polar than the keto molecule, the enol form is favored by non-polar solvents. The presence of electron-withdrawing or aromatic groups in the molecule shifts the equilibrium in favor of the enol tautomer. Studies performed by 1H-NMR in CDCl3 have allowed us to simultaneously observe the signals corresponding to the keto and enol forms of 1-phenyl-1,3-decanedione since the rate of spontaneous interconversion between the tautomers is slow at room temperature. 13,14 From the resonance relative intensities of the a-protons it has been determined that 93.4% of the reagent exists as an enol tautomer in chloroform and that the tautomerization equilibrium constant, kt=[enol]/[keto], has a value of 14.15.
The UV-V spectra of the reagent in organic solvents of different polarity showed that neither the absorption maximum nor the molar absorptivity coefficient show appreciable variation, as can be observed in Table 2 . Since 1H-NMR studies in chloroform have revealed the predominance of the enol form of the reagent, it can be postulated that the tendency towards enolization of the reagent remains even in polar organic solvents.
Keto-enol tautomerism and pH effect in hydroalcoholic medium
In addition to the presence of keto, enol and enolate, in aqueous or hydroalcoholic media, keto species can be hydrated with one or two water molecules yielding to keto-hydrate and gem-diol species, respectively. The percentage of hydrated keto species varies depending on the nature of the /3-diketone; it has been proposed that the substituents size and their electric character strongly affect the degree of hydration.15 Thus, even with minor amounts of water, hexafluoroacetylacetone is present mainly as gem-diol;16,17 however, no evidence has been found for the hydrated forms of acetylacetone and benzoylacetone.
Consequently, only the unhydrated keto form could be expected for 1-phenyl-l,3-decanedione in an aqueous media, since both the aromatic ring and the C,H15 radical do not favor the formation of the hydrate. Furthermore, the electronic delocalization produced by conjugation of the carbonyl group and the benzenic ring gives additional stability to the keto form over that of the ketohydrate.
The low solubility of the reagent in aqueous solution did not allow us to carry out a spectrophotometric study in aqueous solution, since it is necessary to use hydroalcoholic mixtures to obtain a complete solubilization of the product. The UV-V spectra of the reagent as a function of pH (1.0 mol dm 3 KCI, 25% ethanol), shown in Fig. 4 , can be explained by the deprotonation of the f3-diketone to yield the enolate ion at high pH value.
Two absorption bands were obtained at 250 and 315 nm in the more acidic range, where both the keto and the enol forms of the J3-diketone can be assumed. The peak at 250 nm can be attributed to a 7r-m* transition for both the keto and enol forms; the maximum at 315 nm can be assigned to a ic-n transition of the /3-diketone group of the enol form. In alkaline solutions where the enolate ion is highly predominant over the keto or the enol species, there is an hypsochromic shift of the first peak to 237 nm and a bathochromic shift of the second one to 325 nm. Values of the molar absorption coefficients are collected in Table 2 .
The influence of the ethanol percentage in the UV-V spectra of aqueous solutions containing 1-phenyl-l,3-decanedione in 1.0 mol dm3 KCl at two different pH values (where the presence of keto, enol and enolate forms could be assumed) is shown in Fig. 5 . It can be appreciated that enolate absorption is not practically affected by ethanol variation. However, at a pH of 5 the absorption of the enol form increases with the ethanol content, indicating that the contribution of the enol tautomer gradually increases with the alcohol concentration in the medium. This can be attributed to a decrease in the solvent dielectric constant which stabilizes the less polar tautomer. These results agree with those of Watarai for acetylacetone. 18 Taking into account the fact that the maximum absorption at 315 nm obtained in organic solvents or in Table 2 solvents Electronic absorption spectral data for different acidic alcoholic media corresponds only to the absorption of the enol, without any significant change in the value of the molar absorption coefficient, and considering as well the value of 93.4 for the percentage of enol in these media, it can be deduced that Eeno1=1.77X1041 mol-1 cm 1. Consequently, from the absorbance values of solutions containing the same reagent concentration and different ethanol/ water ratios, the tautomerization constant values in these media were obtained. Table 3 and Fig. 6 -a summarize these results, whereas in Fig.  6 -b the contributions of the keto and enol species, which depend on the ethanol percentage, are represented. Since the low solubility of the reagent in an aqueous medium precluded the spectrophotometric determination of its tautomerization constant in a complete absence of ethanol, the corresponding experiments in pure water were carried out in the same way as with the reagent, but using benzoylacetone.
The 
